INTRODUCTION
The olive flounder (Paralichthys olivaceus), is widely distributed along the coast of East Asia and is one of the most economically important marine species in the region. P. olivaceus is successfully cultured in Japan, China and Korea. But, olive flounder faces significant mortality especially in the early stages of life, which attracted our interest to characterize how their immune system works during the development stages. In fishes, larvae are immediately exposed to various microorganisms after hatching (Zapata et al., 1997) . However, the immune system is still developing and not all of the structures and functions present in the adults are in the larvae (Ellis, 1988; Tatner, 1996) . Therefore, knowledge of the immune system in ontogeny can offer new protective strategies and indicate optimal vaccination point (Vadstein, 1997) .
Previous studies show that the appearance of the immune organ and system during early developmental stages is different in different fish species, such as sea bream (Jósefsson & Tatner, 1993) , turbot (Padrós & Crespo, 1996) , yellowtail and olive flounder (Chantanachookhin et al., 1991) . Most of these studies have been carried out using histology as the main technique to investigate the develop-ment of the immune organs in fish.
Recently, lymphoid organs and both T and B cells have been chosen to study the ontogeny of the fish immune system in various fish species, and recombination-activating gene 1 (RAG-1) and immunoglobulin M (IgM) have been considered as very useful markers of the immunological maturation (Corripio-Miyar et al., 2007; Hansen & Kaattari, 1995; Willett et al., 1997; Peixoto et al., 2000; Huttenhuis et al., 2005; Zhang et al., 2009; Fan et al., 2009 ).
The RAG-1 gene is essential in the differentiation of immature B and T cells and is expressed in primary lymphoid organs, although not in mature cells (Nagaoka et al., 2000) . It is this expression during the maturation of the lymphoid organs that makes the RAG-1 gene such a useful marker for the study of the development of these organs (Willett et al., 1997; Dunham, 1999) . IgM is also an important gene that can be used in the study of the ontogenesis of the immune system, as it is the first formed antibody of the primary response in higher vertebrates (Magnadóttur, 1998) .
The presence of IgM has been extensively reported in many fish, including studies of its appearance during development and even maternal transfer of IgM to the offspring (Kanlis et al., 1995; Olsen & Press, 1997; Takemura & Takano, 1997; Picchietti et al., 2001) . In teleost fish, RAG-1 and IgM has been studied in gadoid haddock (Corripio-Miyar et al., 2007) , zebra fish (Willett et al., 1997) , common carp (Huttenhuis et al., 2005) , redspotted grouper (Mao et al., 2012) and striped trumpeter (Covello et al., 2013) .
The present study aimed to improve knowledge about expression of RAG-1 and IgM in olive flounder, which can provide crucial information regarding the ontogeny of the immune system, with implications for vaccination regimes.
Although the RAG-1 and IgM gene has been reported in several fish, considerably less is known about the expression of both genes in olive flounder. Therefore, we investigate the expression pattern analysis in larvae and tissue-specific expression in immune organ. All the primers were designed using Primer3 (Rozen & Skaletsky 2000) . The gene specific primers are listed in Table 1 .
MATERIALS AND METHODS

Sample preparation
Expression studies
To evaluate mRNA levels of RAG-1 and IgM, primers were specifically designed to detect and quantify cDNA sequences without detecting genomic DNA. The real-time PCR reactions were monitored with melting curve analysis using 7500 software (version 2.0.5). 
Statistical analysis
The data are presented as the mean ± standard deviation.
The mRNA levels of RAG-1 and IgM was expressed as a ratio to those β-actin, which was simultaneously amplified as an internal control for each cDNA. The data was statistically analyzed by one-way ANOVA after arcsine transformation when needed, and followed by a Tukey test for identification of the statistically distinct groups. Significant differences were accepted for P <0.05.
RESULTS
Expression of olive flounder RAG-1 and IgM from various tissues
To investigate the expression of the RAG-1 and IgM genes, oligonucleotide specific primers were designed according to previously reported both genes in olive flounder (GenBank accession no. KC442210 and AB052744, respectively) ( Table 1) . In order to investigate of olive flounder RAG-1 and IgM mRNA expression in various tissues, we assessed the expression of the both genes in various tissues from 90-days-old healthy olive flounder by RT-PCR (Fig. 1) . It was found that RAG-1 and IgM mRNAs are significantly expressed in the spleen, kidney and gill, not expressed in other tissues. These overall patterns of RAG-1 and IgM mRNA expression were were typical immune organs in teleost fish. The kidney is a major organ with key regulatory functions for the immuneendocrine interactions, and spleen as a secondary lymphatic and scavenging organ plays a crucial role in hematopoiesis, antigen degradation and antibody production processing (Rauta et al., 2012) . Also, gill is the main mucosal surface and immune barriers.
Expression of olive flounder RAG-1 and IgM during early development
The expression of both genes from triplicate samples was standardized using housekeeping gene β-actin. The expression pattern of the RAG-1 and IgM gene was investigated over time course 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 dph of olive flounder using real-time PCR.
RAG-1 expression was first detected at 5 dph, and signify- The mRNA expression of RAG-1 was analyzed by real-time PCR. Different letters over each bar with the standard deviation represent significant differences one group according to unpaired matched comparisons (*P < 0.05).
cant expression was observed in the 40, 45, 50 and 55 dph (Fig. 2) . The intensity of RAG-1 transcript was measured on the basis of 5 dph (1.0-fold), each value has the 40 dph (5.6-fold), 45 dph (12.6-fold), 50 dph (14.5-fold) and 55 dph (9.5-fold), respectively. IgM mRNA transcripts were first detected at 5 dph, and the transcription level was increased obviously in the 35 dph (Fig. 3) . The intensity of IgM transcript was measured on the basis of 5 dph (1.0-fold), each value has the 35 dph (4.9-fold), 40 dph (8.3-fold), 45 dph (16.1-fold), 50 dph (23.7-fold) and 55 dph (15.5-fold), respectively. As RAG-1 and IgM mRNA was detected earlier than expected (5 dph), the possibility of maternal mRNA transfer into oocytes was investigated. It was found that both RAG-1 and IgM mRNA transcripts were present in unfertilized oocytes (Fig. 4) . Studies on several fish species have shown that RAG-1 and IgM are transferred from the mother to the offspring (Covello et al., 2013; Takemura & Takano, 1997) , and may be involved in the early defense against pathogen in eggs containing Represents the expression of RAG-1, IgM and β-actin in unfertilized oocytes measured in three separate pools. The negative (-ve) RT controls contain RNA from each time point that was not reverse transcribed and therefore acts as evidence that the samples were free of contaminating genomic DNA.
developing embryo and larvae.
DISCUSSIONS
Because of the importance of immune response, many studies have been conducted in fish during the early larvae stages. This study is the first to report the mRNA expression of the important immune genes RAG-1 and IgM in the olive flounder. In addition their expression was followed from unfertilized oocytes through to the early developmental stage of the larvae. As both genes are important markers of the ontogeny of the adaptive immune response, their level of expression can help from the problem of high mortality in olive flounder larvae. In teleost fish, the RAG-1 mRNA level was first examined in lymphoid organs of rainbow trout larvae (Hansen & Kaattari, 1995) , and also investigated in the same organs of zebra fish (Willett et al., 1997) and common carp (Huttenhuis et al., 2005) . Humoral adaptive immunity in fish is mediated by Ig, and the IgM class is the primary immunoglobulin in most teleost fish.
The IgM class has been studied in many species such as salmon (Hatten et al., 2001) , zebra fish (Danilova et al., 2000) , Atlantic cod (Schrøder et al., 1998) and rainbow trout (Lee et al., 1993) .
In our study, RAG-1 and IgM mRNA was investigated in various tissues including brain, muscle, fin, eye, liver, gill, kidney, and spleen ( with IgM expression studies in the red-spotted grouper (Mao et al., 2012) , where IgM expression appeared to be ubiquitous and constitutive, except the gonad.
Fish larvae are exposed to pathogens a long period before of time until maturation of their lymphoid organs, therefore information of immune gene may be essential for survival (Zapata et al., 1997) . However, the mRNA expre-ssion analysis of RAG-1 and IgM during the early developmental stage in olive flounder is insufficient. In this study, to information of RAG-1 and IgM expression during early larvae stages of development, we analyzed the expression pattern of both genes after hatching. As a result, RAG-1 and IgM mRNA was first detected in 5 dph, observed the increased mostly until 50 dph (Fig. 2) . Significant expression of RAG-1 was detected in 40 to 55 dph, while IgM was detected in 35 to 55 dph. In our study, the immune system of B and T cell marked by RAG-1 and IgM starts to develop its function around 5 dph in olive flounder. The patterns of RAG-1 expression levels, they did not follow the trend of an initial increase in IgM mRNA expression. Studies in striped trumpeter have shown a similar pattern of RAG-1 and IgM expression, but with some variation in the peak expression patterns (Covello et al., 2013) . This early detection of IgM mRNA led to the investigation of transcript presence in unfertilized oocytes (Fig. 4) . Both RAG-1 and IgM mRNA were present in oocytes, leading to the conclusion that they were maternally transferred.
In summary, this study provides the information of 
